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　Abstract :　The relaxational response due to the internal deformaton of the kink in the l -Ｄ
sine Gordon system is investigated. The Cole-Cole plot of the compleχ dielectric constant near
C-IC transition temperature is examined.
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Introduction
　In many materials which are well modeled by the sine-Gordon system, the relaxational
mode is observed. In many cases, the origin of them is the translation motion of the kink.
There is, however, another degree of freedom, that is, internal deformation of kink.
　In recent years, anomalous shapes of the Cole-Cole plot of the complex dielectric constant
町ｅ reported near the transition temperature T。of the commensurate-incommensurate （Ｃ-IC）
tｒａｎｓitｉｏｎ.1）2）ｌｎmany cases, non intrinsic effect, such as impurity or lattice distortion, has a
possibility to cause extra relaxational mode. Then, a way to distinguish them is needed.
　In this paper, we will estimatざａ contribution from the internal deformation of the kink of
the sine-Gordon system in the relaxational response near Ｔ｡｡
2. Formalism
　In the spectroscopy of the relaxational mode, we should know two quantities : ( 1 ) the spec-
tral density G(k) of the mode k, (2) the relaxation time z"k of that mode. When we know
the above quantities, we can reproduce the relaxational response in many types of the experi-
ments｡
　In the one-dimmensional sine-Gordon system, we assume ａ following TDGL equation,
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Hereafter, we consider ａ deformation around the stable kink solution,
　　　　　　　　　　　　　　　φ，（ｘ）＝4 tan ' (e ""■).
Using eqs.( 1 ) and ( 2 ), we obtain the equation for ∂φ(x) as follows,
　　　　　　　　　　　　　　＼言∂φ二Ｌ∂φ’
and we have it'srelaxation time　n ＝ 1/(が十琲り;
　Eigenf unction fo(x) corresponds to the translational motion. It'srelaxation time　r 0 be-
comes infinity at Ｔ｡,and it has ａ form like 1 / I T－Tjl11,………
　In many experiments of the relaxation, the translation or deformatioりis caused by the ex-
ternal fieldR ･Inthe sine-Gordon system undeリthe fieldE☆哺ｅy緋atic equation is modulated
to the double sine-Gordon equation as follows,　　　　‥‥‥‥‥‥
　　　　　　　　　　　　　　S?ニ祁sm ― + m卜＼φ●　　　　　　　(7)
　It is known that the solution of the above equation has aｿfollowing-form√
　　　　　　　　φE(ｘ)＝　4 tan '(e°"う十　4 tａｎ"■'(eぺ(1尚))｡･， /　　/　　　　(8a)
where　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　犬
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（６）4(t)＝－(k2十m2)Ｕ,=(t).
（９）
　Using eqs.( 7 ) and( 8 ), we can express the relaxational 石轟Donse of many types of experi-
ments in the sine-Gordon systems.　　　　　　　　　　　　　　　ケ
For example, the dispersion of the complex dielectric constant is expressed as folloｗｓ,3)
The shape of eq.(8) is different from that of the superpos叫０宍6f the t･Ｗ(j……kinksexpressed by
eq.(2):φ(ｘ)＝φc(x)十φｏ(ｘ一双) , as illustrated in 戸辺ﾉ仁Then, we can obtain the spec。
tral density G(k) by decomposing the differenceφふ(ｘ)－φ(x) into each relaxational mode.
Using the orthogonal and normal property ofム(ｘ)，ｗeget G (k) as follows,
G(k)＝∫[φ衣功十十φ(ｘ.月末ｿ(x)dx
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It is well known that the solution of eq.(3)皿n be expaりded]as follows,
　　　　　　　　　　　　　　　δφ(x, t) = uo (t)fo (x)△Efd（μ打乱(い，･
where the orthogonal set /(ｘ)haｓ a following form,
　　■　　　　　　　　　　　　
fo(x) =Y
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and they are the eigenf unction ６ｆthe operator L with the一雨加巾司ｕｅ，－（肘十m') .　　く
　Substituting eqs.( 4 ) and ( 5 ) into eq.( 3 ), we get ａ relaxational equation of the expansion
coefficient Ut of the mode ｋ as follows,
d
-
dt
(10)
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Fig. 1　The thin dotted line represents φ(x), and the thin solid line φ。(x) under the
filed E. The thick solid line represents a difference of them : φ。(ｘ)－φ(ｘ)｡
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3. The result
( 1 ) Fig. 2 shows the spectral' densisy Ｇ（０
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Fig. 2　The spectrum density G(k) of the relaxational mode having the relaxation
timeで．　　　　　　　　　　　　　　　　　　し
48 知大 研究
　( 2 ) Fig. 3 shows the Cole-Cole plot△of the c
by ｅｑ･:(10) near the面々fﾄC-Kンt皿臨ition :ﾄ1A[
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Fig. 3 The Cole-Cole plot of the complex
(Ｄ)ﾄcorrepφnds to the temperature satisfy
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